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L. 0 . Fine , P. D . Wceld reyer, D . G. Shannon,
Plant Scie nce De partme nt•

Anyone w h o has loo ked at the so il
survey map s of a glaciated or glacial lake
bed area knows the intricate patterns of
ils that occu r. These d iffe re nces aren't
ght; with in 15 fee t the re may be
oderate ly de n se claypan s or very
friable silt loam s.
This is the way it is in the glac ial Lake
D akota bas in, in Brown , Sp ink and
western D ay and Marshall counties.
Farme rs, ran ch e rs and othe rs knew this
as soon as the land was " broke .out. " Soil
scie ntists found it in 1924-25 w hen
Brown C ounty soils we re first surveyed.
The proble m is that the claypan soil s
h ave such diffe re nt wate r intake and
release prop e rties that crop p e rformance
is dras tically diffe re nt from the friable
soil s along side, giving farme rs an almost
u nsolvable problem: w h at managem ent
techniq ues m aximize p roduction and
returns on b oth types of soil ? Thi s
concerned soil surveyors in Spink
C ounty, and in the 1950's Quentin
Kin gsley of SDS U conducted chiselin g
and organic tre nching exp e riments in a n
area of Abe rdeen and Exline soil s near
Ashton . H e found organic tre nching
improved crop yielqs, root growth, and
water ab sorption b y the soil as long as the
organic w ed ge in serted in the soil was
not comple te ly covered over w ith so il or
d estroyed b y d ecomposition.
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Photos courtesy o f F'red Sand oval, Ag ri cu ltural Researc h
ice, USDA. Ma nda n, D.
• Larry fi ne is p rofessor, Paul Wee ldreye r an ass istant, and
D. C. Shannon a former assistant in th e Plant Science
De partm en t.

In 1969 we decided to attack the
proble m in a different way-on e that is
proving very success ful o n sim ilar soil s
in Idaho and North Dakota. We kne w of a
la rge " Post" mold board plow that could
go ab out 30 inches deep and b reak up the
claypan, w hich in Abe rdeen soil s
com monly exists between the 9- and
2 1-inch de pths. In late N ovember, we
plowe d abo ut half of a 13-acre leased site
n ortheast of Redfield, and b egan an
8-year experiment. That o n e deep
specialized tillage was the only unu su al
technique pe rfo rmed in the 8 years .
How the experiment
was put together
Afte r leaving sp ace fo r driveways an d
alleys for access to areas of the
expe rime nt, 10.9 acres of land was
di vided into 105 main plots, 75 x 60 fee t,
slightly m ore than 1/ 10 acre each .
These plots we re each split into an east
and west h alf, the eas t half rece iving
vario us soil ame ndme nts (sulfur,
gypsum, li gnite fl y ash ) at diffe re nt rates
of application. Some plots rece ived n o
ame ndme nts. In 1973 seve ral addition al
ame ndme nts were incorporated in the
expe rime nt b y u sing the w est half of
each plot chosen.
E ach treatme nt was re plicate d four
times. In some cases , sufficient
am e ndm e nt and plot sp ace was avail able
t o make applications on d eepand-shallow-tilled , irrigate d and
non- irrigate d plots (Tabl e 1).
The e xperim e ntai area was 1/4-m ile
long and 425 fee t wide . H a'1f of the
expe rimental area was p lowed with th e
large plow (borrowed from North
D akota). A D -7 craw le r tractor was used,

somewhat marginal for powe r.. The
e ntire area was so divid ed up that h alf
was deep-plowed, half con ve ntionally
till ed, and h alf of each of these areas was
irrigated . Within the major blocks, the
ultimate pl ots rece ived the specific
treatme nts w ith so il am e ndm e nts.
Table 1. Amendments and rates of
application in years after one deep
plowing.
Date

Amendment

Rate, tons/A

0.260
0.675
0.700
1.400
2.000
3.400 (Two reps, shallow
only)
10.000 (all irrigated)
1973 Gypsum
1973 Lignite Fly Ash 10.000 (all irrigated)

1970
1970
1970
1970
1970
1972

Sulfur
Sulfur
Gypsum
Gypsum
Lignite Fly Ash
Gypsum .

Drainage
In the summer of 1970, a fl e xible
plastic pipe drain line was installe d
about 51/2 ft deep, le ngthwise along the
experime ntal area. Te n short lateral st ub
d rain s branching off at right angles to the
main led into sp ecific plots. The main
d rain line e mptied into a sump which
could b e e mptied with a standard sump
pump. The water was pumped about500
fee t to a road side ditch w hich e m p tie d
into the James Ri ver. The wate r in the
main line and branches was sample d
p eriodically th rough access manholes
and its qu ality monitored. Volume s
pumped we re reco rded.
Cropping
In 1970, a sudangrass crop was plan ted
and grown without irrigation, as was th e
3

spring wheat-alfalfa-intermediate
wheatgrass seeding made in 1971. Plots
were prepared with border dikes so
"basin irrigation" methods could be
used; vertical plastic dividers were
installed in the soil by trenching to a
depth of 4 feet. These plastic sheets
separated irrigated and non-irrigated
plot areas. Alfalfa-intermedi.a te
wheatgrass was maintained (except for
some plots that were flooded out in 1972
and reseeded in 1973).
In the fall of 1973, the west half of each
of 24 plots was plowed (normal tillage
depth), and nine additional were plowed
in May 1974. Corn was grown on these
plots in 1974. In the fall of 1974 all
remaining alfalfa was killed by chisel
plowing to a depth of 7 inches. All plots
were cropped to corn the remaining
years (1975-1977).
Throughout the experiment, normal
farming practices were used. The only
hand operations were thinning of corn
stands in non-irrigated plots and
knapsack spraying of small patches of
bindweed. Target plant populations
were 12-14 thousand for non-irrigated
and 24-26 thousand for irrigated areas.
Grasshoppers were a serious pest in
many seasons, since the experimental
area generally was an "island" of green
vegetation surrounded by dry native
pasture, grain stubble, or fallow land in
July, _August and September. This
necessitated spraying in a few seasons to
allow silking and pollination. One
cutting of alfalfa was completely
destroye~ by hoppers in 1974.
Soil water intake rates
Infiltration measurements on some
plots were made with double ring

One deep plowing 8 years ago was the only unusual tillage used on the experimental
plots. We are still getting yield increases in both irrigated and non-irrigated
plots from that plowing. The D-7 crawler was marginal for power, but modern
four-wheel tractors can handle such a plow easily.

infiltrometers in 1973 and fall of 1976
and spring of 1977.
Cumulative water intake in measured
time periods were 4.1 times as great on
deep-tilled as on shallow tilled plots in
1973, and 1.66 times as great in 1977.
Terminal intake rates were 0.315 and
0.395 inches per hour, respectively, in
1977 on the shallow-and deep-plowed
plots. These are averages of four sets of
paired plots, with two double-ring
infiltrometers on each plot in the pair.

The plow can break to 30 inches deep; claypan in Aberdeen
soils is between 9 and 21 inches. The additional yield
from the first crop taken off was enough to pay the
additional cost of using the equipment.

We are convinced the beneficial
effects on water relationships of the soil
and on crop yields have persisted
through the 8 years of the experiment.

•

Soil chemistry
Final soil analyses are not yet
available. Some interim analyses made
in 1973 showed inconclusive effects. Of
30 plots sampled, 16 decreased in
exchangeable sodium, 10 increa ed
slightly, and 4 showed no change, as
compared with samples from the same
soil depths in 1970.
Exchangeable sodium is commonly
the villain in claypan or "slick-spot" soils
in this part of the world. Clay particles in
the soil hold metal ions (calcium,
magnesium, potassium, sodium, and
others) in plant-available (exchangeable)
form. That makes these clay soils a
tremendous "bank account" for
agriculture.
However, sodium in excess of a few
percent (9-13%) causes dispersion of the
soil particles and breakdown of oil
aggregates. The soil becomes hard and
compact when dry, and eventually it
becomes impervious to water
penetration. Obviously, it is then a poor
medium for root growth and water entry
and release.
For these reasons, we are inter sted in
methods of decreasing xchange able
odium in the soil in this part of the
tate.
A full report on the e xperiment will
made, probably as a technical bulle tI
when soil analyses have been
completed. Our pre ent impr s ion i

Table 2. Crop yields in. the

ar

70
1971
1972
197.3
1974
1974
1975
1976

1977

Crop

Sudan
Wheat, bu/A
Alfalfa-grass
Alfalfa-grass
Alfalfa,T/A
(2 harvests)
Corn,bu/A
Corn ,bu/A
Corn .bu/A
Corn .bu/A

8 years

Deep

after th'e deep plowing.

Irrigated
Tllla11e
Shallow

Clipped, not removed
Hay removed
No yields recorded

3.70
86.2
116.7
121.7
128.9

3 .04
76.5
102.3
102.2
116.9

lrrlg.
water
uaed,lnches

0
0
0
2

Non-Irrigated
Tllla11e
Deep
Shallow

17.1

3
3

3.19
50.4

20
19.6
10.6

62.0 •

39.1
55.8

13.6

2.12
50.4
34.2
50.3·
43.4

Notes: All plots in the entire experiment received one irrigation of approximately 4.7 inches in May in order to obtain uniform
germination and emergence.
Because of extremely low orzero flow in the James. River, irrigation of plots was d rastically limited in 1973, 1974 and 1977.
Only one or two irrigations were made in those years.

that total salinity d ecreased over the
years of the expe riment, somewhat in
proportion to irrigation water applied.
H owever, one year the river wate r
used for irrigation was almost as salty as
the drainage wate r coming out at the
bottom of the soil profile. Soil salinity
reduction is very slight under such
conditio n s.
D rainage water
Most years, the drainage water volume
removed by the tile line amounted to
about 0.25 to 0.35 surface inches of wate r
for the e ntire area of the experime nt, or
about 3.2 at;re-inches. Tile flowage was
.:::i:enerally highest in early spring,
creasing to zero b y the e nd of June, or
'
a few years, persisting to late August.
The quality of the water was excelle nt
in early season , but increased in salinity
as zero fl ow approach ed. It was clear,
cold, and excelle nt in taste throughout
most of the flowing p e riod. We ofte n
. drank it in preference to artesian well
water when working at the plots.
De taile d data on water quality are
presente d in the annual " Progress
Reports, James River Valley Research
and E xte n sion Center."
Crop yields .
Yie ld increases of the various crops as
a result of the d eep plowing h ave been
from 12.6% upwards in b oth irrigated
and n o -irrigated plots. The overall mean
increase for all crops h as been 21% for
w heat, alfalfa, and corn. Yield increases
for irrigation ranged from 16% for one
application on alfalfa to 169% for shallow
plowed corn and 131 % for deep plowe d
corn in 1977.
Percentage yie ld increases on
non-irri gated areas have been as good as,
or be tte r than, those o n irrigated areas.

Statistical examination of the da ta is not
comple te, but visual insp ection
indicates no st rong effects of
am endme nts u sed.
Pe rhaps one of the most significant
things to come out of the work was that a
soil profile filled to fie ld capacity with
water at the b eginning of the growing
season , as was the case with our
"dryland" plots in 1976, can produce
conside rable corn, even in a very dry
season .
Whe re limited water supplies are
available, one substantial irrigation is far
better use of the water than several light
ones, for moderately d eep rooted,
full-season crop s like corn or sorghum .
The cost of the initial deep plowing
was $25 p e r acre, about $21 more than
normal plowing. The very first crop
harvested (spring wheat), if sold at the
prevailing price at that time, would have
almost paid the entire cost with just the
extra bush e ls produced (3.5 bu/A). All
other crop yield incre me nts since then
can be regarded as "gravy."
There are no deep plows of this caliber
sitting around on equipme nt dealers'
lots, and a farmer wouldn't want to buy
one for a once-in-8-years tillage.
But the re's another way to solve this
proble m. The equipment is as close as
North Dakota. Pe rhaps farme rs could
persuade a d ealer to get one and then
rent it out or contract w ith an operator.
The horse power available in the
mode rn four-wheel tractors is certainly
more than adequate to handle the plow.
Ours required a cat, but the n , that was 8
years ago.
Deep p lowing, e ither d ryland or
irrigate d, will even out soil differences
for farmers in the glacia te d areas of South
Dakota. An operator will b e able to use
the same management techniques on
both claypan and more friable soil s and
increase his production off b oth.
D
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Darrell DeBoer and Albert Dittman, Department of Ag~ic ultural Engineering;
Paul Prashar, Department of Horticulture-Fore stry ;
and Mary Brashier, Agricultural Information Office.

southwest of Brookings) was only 18
inches deep and underlain with sand and
gravel. Total crop water storage capacity
was about 2.5 inches, and the soil had a
tendency to dry out very rapidly in the
top few inches of the profile.
Given the nature of the crops we grew
(these vegetables are very shallow
rooted), the rapid drying out would have
put the plants under recurring periods of
water stress.
Savings are also made by cutting
evaporation lo ses.

An irrigator who measures worth in
number of towers or in diameter of pipe
just might have to eat his pride.
Unless he'd prefer an onion graded
"jumbo."
With %-inch plastic drip pipe (that's
smaller than most garden hoses), a
grower of specialty crops can use
approximately 20% less irrigation water
than if he sprinkled.
His equipment may not be so showy,
Scanty applications to match
but 40% of his onions will be in the
shallow soil profile
jumbo class. That's against 21 % for
A solid set sprinkler ystem which
sprinkler onions.
could be operated by opening a valve
Those, basically, are the findings off
our 7-year-old research plots of carrots , · covered the sprinkler plots. The drip
onions, and potatoes watered under drip irrigated plots had %-inch black plastic
drip laterals in every other row space for
and sprinkler irrigation. Both watering
the carrots and onions and on every
methods gave similar yields.
potato row. A drip emitter was
•
We believe this research has great
positioned every 9 inches along the
implications for specialty crop growers
lateral.
in this state. Drip, or trickle, irrigation
Irrigation application depths were
has been used successfully in other parts
of the world. We think it shows promise usually held to l/2-inch per application.
The sprinkler system operated at 60 psi
in South Dakota for vegetable acreages.
water pressure, and the drip system at 5
The water savings come from using
psi. Water came from an aquifer on the
only enough water to replace that used
Big Sioux River floodplain.
by the plant each day. Only the root zone
is irrigated, not the entire soil profile.
Carrots and onions were planted from
This paid off in our experiments,
coated seed with a precision vegetable
planter in 12-inch rows. The potatoes
because the soil (a Renshaw sandy loam
at the Agricultural Engineering Farm
were planted in 36-inch rows .

Solid set sprinkler carrots matched the drip carrots in yield. It doesn't
matter to the crop which watering method you use, just that its moisture
needs are met. Shallow soil and shallow rooting meant frequent applications.
6
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crops were satisfied, irrigation me thod
had littl e effect on croo vield .
Table 2. Drip and sprinkler irrigated
potato yields.
Varle!}'.

Year

Drip
!b•!!/A)

Sprinkler
jba11/A)

Kennebec
Kennebec
Kennebec
Burbank Russet
Kennebec
Norchip

1971
1973
1976
1976
1977
1977

470
370
520
450
440
340

380
560
450
420
330

450

One bag equals 100 lbs.

Table 3. Drip and sprinkler irrigated carrot yields.
Drip laterals ran down every other row on the onion patches. This system
grew more jumbo class onions than did the sprinkler method (40%, compared to
21%). This is a plus for the grower, since he can collect a premiu m.

A significan t part of sprinkler water
never gets to the root zone. It is lost to
evaporation during application off plant
leaves and from the ground surface. The
amount of sprin kler irrigation water that
actually en te red the soil profile was
abo1-1t 80% of the values in Table 1.
Table 1. Summary of water inputs to the
vegetable plots.
Gross lrri!!atlon
Preclp, Drip, Sprinkler,
Inches Inches Inches

Dates

-

rrots and onions
y 1 • Sept 30 , 1975
1t/ay 1 - Sept 30, 1976
May 1 • Sept 30 , 1977

15.5
7.0
22.3

12.8
20.5
9.0

12.8
33.5
12.5

11.3
8.9
7.0
18.9

11 .0
8.0
14.4
6.0

13.8
14.0
32.5
12.5

Potatoes
May
May
May
May

1
1
1
1

•
-

Sept 30 , 1971
Sept 30 , 1973
Sept 30, 1976
Aug 30 , 1977

depths be caus e of the type of soil profile
and the rooting depths of the crops.

Scarlet
Scarlet
Scarlet
Scarlet

Nantes
Nantes
Nantes
Nantes

Year

Drip
(b!,1/A)

Sprinkler
.(bu/A)

1974
1975
1976
1977

910
1880
1850
1820

920
1520
1960
2090

30-inch rows during 1974.
One bushel equals 50 lbs.

Table 4. Drip and sprinkler irrigated
onion yields.
More premium onions
Kennebec potato yields averaged 450
Drip
Sprinkler
Year
bags/acre for both the drip and sprink ler Variety
(bag/A) .(bag/A)
irrigated plots (Table 2). Burbank Russet Pedro
1975
1060
980
1380
1390
Pedro
1976
and Norchip potato varieties also h ad
1976
1070
1050
sim ilar yield s for the drip and sprinkler Yellow Sweet Span ish
Pedro
1000
1977
950
irrigated plots.
Average carrot and onion yield s were ·One bag equals 50 lbs.
also approximately th e same for both
H owever, the drip method did
irrigation methods (Tables 3 and 4). It
produce la rger onions than th e sprinkler
appears that, if the water n eeds of the
method (Table 5). The percent of drip
onions th at were in the 3-inch or greater
class Gumbo class) averaged 40% for
1976 and 1977, while the sprinkler
on ions averaged 21 %. The onion grower
wants that; he gets a premium for larger
bulbs.
Table 5 Onion size classification.

Notes : Estimate 1.5 inches of 1971 precipitation lost to percolation . Estimate3.0 inches oft 975 precip itation lost to percolation. Estimate 7.0 inches of 1977 precipitation lost to percolation. Overwatered 1976sprinkler crops by 8 .0 inches. 1977
potato growth terminated in August because of leaf hopper
~d blight problems.

Rainfall alone might have grown a crop
of the magnitude we got under irrigation
only in one year, 1977. Even then, 7
inches of that rainfall probably
percolated ou t of the root zone before it
could be used.
Since the soil had a small water
holding capacity, many of the large
rainfall amounts were not stored in th e
profile, bi1t percolated down to the water
table. Estimates of percolation are noted
at the bottom of the table. When
percolation es timates are taken into
account, the data suggest that it takes
22-25 inches of water (precipitati on plus
irrigation) to grow a vegetable crop on a
Renshaw sandy loam so il.
The small irrigation applications
~
ded to cause more water loss by
_...y'aporation from the soil surface than
large r applicati ons would have . But we
had to use somewhat scanty application

Variety

3

Year

Irrigation

Inches

Classlflcatlon jo/o)
2-3
1-2
Inches
Inches

Cull

+

1976
1976
1977
1977

Soil water contents were measured
regularly. About 22-25 inches of water
will grow vegetables on Renshaw soil.

Drip
Sprinkler
Drip
Sprinkler

45
22
35
20

46
69
47
60

8
7
14
17

1
2
4
3

Th e sprinkler onions had a
~orresponding increased percentage in
t 1e 2-3 inch class.
o consistent
d r:ere nces in size or quality were
de tect ,d for the carrots and potatoes.
Th e. 1roducer who "d ribbles hi s
wate r·· can control th ose big problems
that facl others irrigators-percolation,
runoff, and evaporation. His setup cost
matches that of a solid set, and he uses
his water more efficien tl y. With
statewide demand for water growing on
all sides , that's a pretty good position in
which to be.
If he is a specialty crop growe r, h e
should consider this way of getting high
yields with less water.
D

John Wiersma , director
Water Resources Institute

The best place for an irrigation
pumping unit on a reservoir often turns
out to be also the best place for fish
spawning and nursing beds.
So does a reservoir's fish life suffer as a
result of pumping?
We haven't found that it does.
We have found no fish eggs, fish
larvae, or any parts of any kind of fish in
irrigation water that we have sampled.
We took up this research because
many irrigation systems are using
Missouri River reservoirs for a water
source, and additional permit
applications are being evaluated.
Included in the evaluation are the
biological impact and possible harmful
effects on fish populations from
pumping.
Shallow bays and backwater areas are
the primary spawning and nursery
grounds of fish. They are also often the
most advantageous location for pumping
units.
Institute examines
Blue Blanket Bay
To help establish criteria for the
design and location of irrigation pump
intakes, the Water Resources Institute
estimated the biological impact of some
existing units located in a shallow bay
area of a reservoir of known high fish
productivity. The Institute also studied
the basic hydraulic characteristics of
irrigation intakes as they relate to
possible biological impact.
The most intensive area examined was
Blue Blanket Bay in Walworth County.
The bay covers about 2,000 acres with a
small road bridge crossing the bay near
the point of discharge into the reservoir.
Several pumps with intakes about 6 feet
below the water surface draw water from
the bay at this point. An intake was about
the size and shape of a 55-gallon oil drum
8

and was made of%-inch wire mesh with
an 8-to 10-inch suction pipe leading to
the pump.
Some of these units utilize a transfer
pond between the water source and the
actual sprinkler system. We could
sample the water at the pond end of the
pipe w.ithout breaking into the irrigation
system. Simultaneously sampling the
reservoir water then gave a relationship
between the amount and type of aquatic
life in the vicinity of the intake to that
actually pumped.
The sampling of the lake was
accomplished with a Clark-Bumpus
zooplankton sampler. The water from
the pump discharging into the holding
pond was sampled with a specially
designed divider which continuously
sampled about 20 gal/min. Analysis of
the samples involved visual inspection
of a measured subsample under a
binocular dissecting microscope.
No fish life was found
No samples taken in the bay area and
no samples taken of irrigation water
showed any evidence of fish life.
Zooplankton and detritus material
were identified in the samples taken
from the bay area. Although a high-speed
centrifugal pump tends to break up any
matter passing through it, everything in
the filtered irrigation water was
recognizable. Zooplankton, organic
detritus, and some bottom sediment
were observed in the irrigation water.
There were no fish eggs, fish larvae, or
any parts of any kind of fish observed in
the irrigation water samples.
Counts were made of the recognizable
zooplankton in both the reservoir water
and irrigation water. The total number of
zooplankton counted in the reservoir
water samples ranged from 37,000
organi ms/cubic meter to 128,000
organisms/cubic meter with an average
of 74,000 organisms/cubic meter. The
zooplankton counts made on the filtered

irrigation water ranged from 9,000
organisms/cubic meter to 31,000
organisms/cubic meter with an average
of 22,000 organisms/cubic meter.
There was a considerable amount of
fragmented zooplankton in the filtered
irrigation water samples that was not
considered in the above values. It is
estimated that these fragmented pieces
would raise the 22,000 average to
approximately 30,000 organisms/cubic
meter in the irrigation water actually
withdrawn from the reservoir.
Variability in the zooplankton count.
makes detailed correlations difficult.
However, by simply comparing the two
averages, (74,000 and 30,000
organisms/cubic meter), the
concentration of zooplankton in the
irrigation water appears to be
considerably less than the concentration
of zooplankton in the reservoir area atthe
location of the irrigation intakes.
Zooplankton in the embayment area by
the irrigation intakes could possibly
avoid the intakes.
Clark-Bumpus zooplankton samplers
are not generally used for sampling fish
life in an open water area. The apparatus
is quite small and could be easily
avoided by fish having even the slightest
ability to swim. This is probably why
there were no fish in any of the reservoir
water samples. The ability of fish to
avoid the zooplankton sampler also
enables them to avoid the low
withdrawal velocities produced at
irrigation intakes.
A 0.5 feet/second maximum intake
velocity is generally accepted as a safe
upper limit for protection of young fish.
For the type of intakes examined, we
calculated that the velocity would be less
than 20% of this value at the point the
water passed through the %-inch mesh.
The average velocity of water in an.
8-inch pipe conveying 1,000 gallons If
minute (GPM) would be 6.4 feet per '
second at the inlet section of the suction
pipe. However, as the distance in the

water increases away from the inlet, the
velocity of the water moving toward the
inlet decreases very rapidly.
&. When the distance from the inlet is 2 or
·~ ~ore feet from the V4-inch mesh the
-.alculated velocity of the water toward
the inlet would be less than a tenth of a
foot per second. This assumes that the
structure is on the bottom ofthe reservoir
so that water can enter from only three
sides. If the inlet was suspended in the
water so that water could enter from all
directions it would be less than this
figure. These values also assume that the
water can approach equally well from all
directions so that the velocity
distribution is perfect. This is not
necessarily true.
This was a single area
Considerable research has been
accomplished on velocity distribution
patterns around large intakes (25,000
GPM or more), but performance data on
small intakes is lacking. Very little effort
has been made to design a good intake.
Poor distribution can occur.
There is also much study on the
hydraulic characteristics and biological
impact of various types of intake screens.
Findings should be carefully followed
by manufacturers to minimize the
biological impact of the smaller intakes.
Even though the velocity of water
toward the inlet section of a suction pipe
more feet away may be very low,
. , .my of the fish, eggs, and organisms
which lack avoidance characteristics
could pass through the screens of
currently used intakes.
Several innovative concepts for screen
design for 700 to 1,500 GPM inlets are
being introduced on the market. As they
· become available they should be tested
under the conditions imposed by the
Missouri River reservoirs. While
hydraulically efficient, they should also
have a negligible effect on the aquatic
environment and be relatively
maintenance free.
·
The research we described here was
on a single screen design under one
condition near the outlet of Blue Blanket
Bay.
It is the kind of preliminary study we
do when trying to determine the scope of
what may be a larger problem. Research
has been planned but is not currently
funded to se new types of screens under
a variety of conditions {large, small,
deep, and shallow bays; different depths
of inlet with respect to total depth of
water; and a determination of the
differences in early season and late
season pumping). Then, if that research
finds negative biological effects, we can
determine what placement, type of
M{en and inlet, and time of pumping
W'.../ minimize the probl e m.
o

a or

Darrell DeBoer
Exte nsion agricultural engineer

One million and counting.
At the end of 1977, 1,000,315 acres in
South Dakota were under permit for
irrigation, representing about 2.4% of the
crop and range lands in the state.
Something surprising shows up when
the figures are broken down by year.
Approximately one half of these acres
were permitted in a 3-year period from
early 1975 to the end of 1977 (Fig. 1). It
took 20 years (from 1955 to 1975) to
permit the first half million acres.
The water laws were modified in 1955,
which is why that year is used as the
base. Irrigation from ground water prior
to 1955 was not subject to the current
permit system. Surface water permits
have been required since 1907, but little
development took place b efore 1955. An
additional 100,000 acres (approximately)
a:re under irrigation in the West River

area, including federal projects, that are
not included in the permit acreages.
(A permit holder has satisfied all legal
requirements and is therefore eligible to
irrigate.)
Distribution of permits
shows where the water is
Most of the counties bordering the
Missouri River have 10,000 or more
permit acres (Fig. 2), which illustrates
the impact a reliable water supply has on
irrigation development. The Missouri
River is the water supply for 280,500
permit acres, or 28% of the total permit
acreage in the state.
.
East River counties which have large
permit acreages generally also contain
the James, Vermillion, and Big Sioux
rivers.
. Most of the permit acreages in the
western part of the state are served by
unreliable surface water supplies.
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Figure 1. Accumulated permit acreage for.South Dakota, 1955-1977.
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18 , 611
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W[Y
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1,558

BUTTE
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MEAD£

31,554

2;514

40,871

CODINGTON

12, 869

HANO

HAMLIN

11 ,776

BEADLE

31,615

6,375
18,786

PENNI

SANBORN

JONES

5,143

JACKSON

5,180

QIST[R

9,913

4,028

MINER

1,531

24 ,422

1, 497

MOODY

LAKE

2 , 954

AURORA

6,106

14,546

5,380

50,381

2,013

4,567

12,992

I.MRtNCE

FALL RIVER

DEUEL

9,399

43,466

16,882
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DAY

EDMUNDS
ZIEBAClf

9,420

3,496

14,864

1,376

MINNEHAH"

7,066 6,825

664

6 ,793

HUTCHINSON
BENNET

TODD

SHANNON

13,546
17,311

22 , 892

6,816

Totals: 3 ,893 permits for 1,000,315 acres

Figure 2. Irrigation water right permits

Approximately 84% ofWest River permit
acres are for surface water. Federal
irrigation projects such as the Belle
Fourche project in Butte County and the
Angostura project in Fall Rive r and
Custer counties supply reliable surface
water flows to the respective project
areas. Irrigation developments in the
Rapid Valley, Spearfish Creek, and
Redwater River areas, as well as smaller
developments on creeks leading from
the Blac k Hills were started in the 1870' s
and 1880's, and continue to thrive.
Be nnett, Todd, Tripp, and Lawrence
counties are West River counties where
ground water permits constitute a large
percentage of the total permit acreage .
Benn ett, Todd, and Tripp use the
Ogallala formation as a source of ground
water, and Lawrence primarily uses the
Madison formation.
East Rive r counties generally use
ground water for irrigation, with three
fourths of the 2,456 East Rive r permits
for this source.
Many of the ground water aquifers
used for irrigation in East River follow
major streams and tributaries. Campbe ll,
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granted, 1955-1977.

Charles Mix, and Douglas counties
contain exte nsive ground water aquifers
that do not follow major streams.
Approximately two thirds of the 695
surface water permits in East River are in
counties which borde r the Missouri
River.
About half of permitted
acres are developed
It is estimated that one half of all
permitted acreage was developed for
irrigation by the end of 1977. South
Dakota water rights statutes provide a
permit holder 5 years to develop his
water supply, and another 4 years to put
the irrigation water to beneficial use or
risk the cancellation of the irrigation
p e rmit. The te rmination of irrigation for
3 or more consecutive years also can
serve as grounds for p ermit cancellation.
Future irrigation development will
include much of the permit acreage not
currently under irrigation.
Since the Missouri River is the only
re liable source of surface water w hich
can support future irrigation
developme nt, continued development

can be expected to occur along the riv.
Completion of the Oahe project
pumping p lant, the Pierre Canal, a nd the
Blunt Reservoir could provide a new
surface water supply along the ca·n al
route and in the James River basin for
future irrigation u se.
Ground water irrigation development
could continue until ground water
mining (an aquifer condition where
withdrawal rat es are greater than
recharge rates). This is prohibited by
law. Most of the aquifers being used to
date have adequate capacity to satisfy all
water demands .
Estimates of potential irrigable land in
South Dakota h ave been placed at 3
million acres . These potential lands
must have an available water supply and
soil characteristics which are compatible
with irrigated agriculture. Other factors
such as e nergy availablility and financial
resources will also h ave a major impact
on future irrigation de velopment. Only
time will tell how interest, ingenuity,
and the resourcefulness of South Dakota
agriculture will use irrigation as a
production tool.
D

O. E. Olson, C. W. Carlson, LB. Embry, R. J. Emerick, a nd
R. C. Wahlstrom ,
Departm e nts of Animal Science and Chemistry, SDS U

Except for extremes of poor water

quality when animals get sick or die, the

So the main question about water
quality for livestock boils down to
this-What is the amount and kind of
dissolved materials in water that a
p~rticular animal can drink safely?
Some of these dissolved materials may
be elements or ions that have nutritional
value for an animal and may supply a part
of the animal's requirement. Some
examples include calcium, magnesium ,
sodium , potassium, chloride, sulfate,
iron, and zinc. However, water should
not be relied on as a source for required
minerals since water varies so much.

effects of poor water on livestock can slip
by easily. But the truth is , low quality
water can rob extra dollars from livestock
producers.
Though uch figures are difficult to
determine , we estimate that with better
water some South Dakota livestock
producers might improve their
production efficiency up to 5%. Perhaps
a 1-3 % average statewide improvement ·
could be practically possible. In dollars,
Excess salt is problem
this could mean that each percent of
improvement across the state could add
In South Dakota, the biggest problem
another $10,000,000 to South Dakota's
with livestock water is that it contains too
$1 billion annual livestock income.
much of various kinds of salts. Problem
Before we can retrieve those dollars
waters usually are undrained small
though, we need to look at what's
ponds, dugouts, and lakes, or shallow·
involved with water qt1ality.
wells in low undrained areas. At first,
In nature, water contains some
animals may refuse to drink this water
dissolved or suspended materials and
but if restricted to them they will drink
often tiny living organisms. These
and eventually may show signs of
materials, along with temperature,
poisoning and possibly death.
influence water quality. Then, the
If you find an animal staggering and
amount of these materials an animal
uncoordinated from drinking poor water,
inge sts depends on how much it drinks.
it's very often easy to rescue. Simply give
Water intake may be influenced b y kind
it good water. In a short time, the animal
of animal, age, environmental
may b e back to normal. But when
conditions , time of year, the animal diet, animals get more concentration of salts
and water flavor.
in their drinking water than that in a
11

human t~ar, ·deat_h is a very good
ground waters sampled, only 8% tested
possibility.
more than 7,000 ppm.
.
The best· way for a producer to
Most of these samples probably were
determine the salt content of water is to tested because they were suspect, so this
contact a county Extension agent for
does not by any means indicate a random
water testing instructions and send a
South Dakota sampling. It merely points
sample to the Water Quality Laboratory
out water containing 7,000 ppm is not
on the SDSU campus. For approximately rare in the state, especially with surface
$6 this laboratory will perform several
waters.
tests on your livestock water sample.
When you' re having water checked for
Enclose any observations or experiences
salinity, you should have it tested for
you've had with the water, and you'll ·
alkalinity and nitrates, too. However,
receive an analyst's evaluation in return. neither causes nearly the amount of
The main tests for livestock water in
problems in the state that salinity does.
South Dakota include those for
Less than 100 ppm of nitrate nitrogen
conductivity, nitrates, and alkalinity.
probably is ideal. Water containing more
The most important one- than 300 ppm of nitrate nitrogen is
conductivity-gives an estimate of
unsatisfactory for livestock. If nitrates in
the total dissolved solids (TDS), or salts
your water fall between 100-300 ppm,
(salinity), in water and can be used as
the water alone would not harm livestock
a guide to evaluate the quality of
or poultry. But in this range, the water
livestock water.
along with feeds containing nitrates
could add up to problems. This could be
of some concern in cattle or sheep during
Here's the guide
drought years, especially with waters
Water with TDS of 1,000 parts per
containing levels of nitrates that
million (ppm) or less causes livestock
approach the upper limits.
and poultry no salinity problems.
Alkalinity is not a big problem in the
Between 1,000-2,999 ppm, no salinity
state. Most waters are somewhat
problems generally occur except for
alkaline. If they were the opposite, or
poultry which may show watery
acid, they would corrode pipes and
droppings until they become
plumbing. Most South Dakota waters
accustomed to the water. With this
test less than 500 ppm, with 1,000 or
exception then, waters containing less
more ppm considered unsatisfactory for
than 3,000 ppm of TDS should be very
livestock.
satisfactory for Ii vestock. ·
Waters with 3,000-4,999 ppm TDS
Other substances found
may ~cause temporary diarrhea or may be
Many additional substances are found
refused by animals not accustomed to
them. These are poor waters for poultry,
in waters, and chemists can test for many.
often causing very watery droppings,
However, these only rarely cause
increased mortality, and decreased
problems with livestock, so testing for
growth, especially in turkeys. Other
them routinely is unnecessary. Some
animals will perform fairly well on this
examples include such ions as boron,
water, except for excessive excretion.
cadmium, chromium, arsenic, and
With exception of temporary diarrhea
mercury. These may not cause poisoning
and refusal to drink, waters with
in livestock, but they can accumulate in
5,000-6,999 ppm TDS may not
meat, milk, or eggs in amounts making
noticeably affect livestock performance,
them unsuitable for human
though its use for pregnant and lactating
consumption. In South Dakota,
animals probably should be avoided.
excessive concentrations of these ions
Poultry should not be fed this water. It is
may result from industrial activity
usually lethal to young turkeys.
occasionally, but usually natural causes
Waters with more than 7,000 ppm of
are to blame .
TDS can impede growth and milk
Like the above ions, pesticides can
production and may cause death in all
accumulate in meat, milk, or eggs. So
classes of livestock.
instructions for pesticide use should be
This guide has allowed for a margin of
followed closely and care taken that the
safety. The change from a water of good
chemicals do not contaminate livestock
quality to one of poor quality is gradual,
drinking waters.
and no sharp boundaries separate the
A few animal diseases and parasites
various categories.
can be spread by drinking waters.
Sometimes animals have access to
stagnant waters in which toxic algae
S.D. waters are analyzed
develop, and these should be avoided.
How prevalent are waters with more
Smells are something we can' t test in
than 7,000 ppm TDS in South Dakota?
the laboratory. A bad smell may not mean
No one knows. But the Water Quality
that the water is either toxic or disease or
Laboratory at South Dakota State
parasite infested. However, a bad smell
University gives its most recent 5-year
may reduce water consumption and
results of water analyzed for livestock
thereby animal performance.
use. Ofl67 surface waters analyzed, 74%
Here are some observations many
tested more than 7,000 ppm. Of 393
producers have made and research
12

studies substantiate:
-Depressed water intake is likely to
be accompanied by depressed feed
intake.
-Abrupt changes from low saline t
high saline water cause more problems
than gradual change.
-Unless previously deprived of
water, an animal can consume moderate
amounts of highly saline water for a few
days without harm.
-An animal will drink little if any
highly saline water if water of a low salt
content is available also.
Give an animal the choice of two
waters, and usually it'll choose the
cleanest, clearest, and the tastiest one to
drink.
D
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or lift, amount of pipeline, pressure at the
field end, and the discharge needed.
When you know these requirements,
then shop for a pump. There are four
types to choose from.
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The
irrigation
pump
No such thing as an "all purpose " pump.
Yours must match your own setup

LeRoy Cluever, Exte nsion irrigation specialist , and
Charles Ullery, Exte nsion water resources spec iali st

How about operating your irrigation
pump this summer with a 30% savings in
e nergy use?
You can, if you're an irrigator of
111111at f rage management skills, and if you
W,.,,e just the technology that is now
available . It's not impossible that you
could cut your total irrigation energy
requirements in half.

·T he secret lies in regarding your pump
as an integral part of your whole
irrigation system. It's an axiom of
irrigation technology that a little,
seemingly unimportant inefficiency in
any part of the system, pump included,
will multiply in effect over the whole
system.
So choose your pump with care, not
just because it seems like a good buy. Fit
it to your own situation-depth to water

Type of pump depends
on your setup
Each of the four types of pumps has its
own characteristics, so which one you
select depends on the actual conditions
under which you will be using it. The
types are propeller, centrifugal, deep
well turbine, and submersible.
Propeller pumps are ideal for
high-discharge, low-head situations
such as pumping from surface waters or
canals into a distribution ditch. Such
pumps are not used much in South
Dakota.
Centrifugal pumps can pump
efficiently over a wide range of
discharge-pressure combinations. One
centrifugal will meet high-discharge,
low-head needs, while another will
match a low-discharge, high-head
situation. They can be used as boosters
in .a closed pipe system to increase
pressure.
Centrifugal pumps can be placed
above the water level if the suction lift is
ke pt below limits established by the
manufacturer. They must be primed (all
air removed from the suction line and
pump chamber) before they will operate.
The pumping components of vertical
turbine and submersible pumps are
similar. Both are used in wells and are
submerged. The power source for the
vertical turbine is on the ground surface;
in the submersible the electric motor is
close coupled to the pump in the well , so
it' costs more than the vertical turbine.
The number and design of the bowls
determine the discharge-pressure
relationship.
Use pump characteristic curves to
make your selection. They are graphic
relationships be tween discharge
pressure and volume, horsepower
requirement, and operating efficiency.
Figure 1 is an example.
Now you need the discharge and
pressure your system requires.
Discharge capacity
When you know the number of acres,
the crop to be grown, and the system .
(sprinkler, gravity, etc), you can figure
how much water you'll need. Assuming
you want optimum crop production, you
must have a pump that will supply
enough water to satisfy the
consumptive-use requireme nts of that
crop during the peak-use period, minu s
the amount of rainfall received.
Remember that, in general, gravity
systems are 50-60% efficient, while
center pivots are 70-80% efficient. Your
system will have to supply more wate r
than the plant will eventually get to u se.
13
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The steps in Table l are u sed to
calculate th e di scharge volum e . In som e
cases, discharge will be limite d b y the
irrigation p e rmit or b y the maximum
output of the w e ll as d e te rmined by the
we ll drille r. The n you h ave to use the
smalle r value and decrease the numbe r
of irrigated acres.

80

A~

60

40
9-inch impeller

Table 1. Calculations of required well
discharge (assuming no rainfall during
the time of peak consumptive use).
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8-inch impeller

0

Peak Consumptive Use Rate
of the crop (PCUR)
GPM per acre = 19 x PCUR
Pumped GPM/A = 4.9 GPM/A X 100

0.26 in/day
4.96 GPM/A
7.0 GPM/A

70% efficiency
Irrigated acres
Pumped GPM 7.0 GPM/A X 130 A

130 Acres
910 GPM

30

.;

J a,
0
a. "..'
~ ~ ti

.

~

r'l

20

9-inch impeller
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Pressure
Press ure d eve loped at the pump
de pe nd s on three fac tors: the lift, frictio n
loss in the pipe, and the press ure need ed
at the distribution syste m.
Lift is the diffe re nce in e levation
be twe en the wate r leve l in the we ll
during pumping (or the surface suppl y)
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Fig . 1. Pump curve for a hypothetical pump . The irrigator needs 910 GPM ; maximum
efficiency is at 850 GPM.

$300

>,

'-'
C

$200

Q)

·u

~

c,'\
~el>
·0<i'
..~
0,,,c.'
c,0(/i

J
.2

.B

,;j,o

Q)

'\

:::,
"C

.;

_.,.v:!:I~
<:,Cl

130 A
10 acre inches/Nyear
90% motor efficiency
70 psi pressure
no lift

'l,'o'

0

'-'

"iii
:::,
C
C

.

al
"C
"C
<(

$100
·0l'c,'i
ed
\{,c.'
1~0/0 e
c,ol'suf<\
0 v..viYI
i& ,6 0

24,900 kwh consumed

80% efficiency

0"------------------------------------2

3

4

5

Average electricity cost (¢/kwh )
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and the highest point in the pipeline.
Pipe friction loss and ·s ystem pressure
must be supplied by the salesman.
equired pressure is the sum (in feet) of
hese three factors.
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Reading a pump curve
Every pump has its own unique curve,
which shows how efficiently it will
operate for different combinations of
discharge and pressure. Figure 1 is a
pump curve for a hypothetical pump.
Under normal operating conditions,
pressure will decrease as discharge
increases (line A). Superimposed on the
pump curve are lines showing the
efficiency of the pump (line B).
The objective of pump selection is to
find a curve that will give the desired
pressure and discharge at the highest
efficiency.
The particular pump in Figure 1 could
produce a much higher or lower
discharge, but its efficiency would be
very low. Its peak efficiency is reached at
850 GPM at a pressure of 62 ft per stage
for the 9-inch impeller (point C). For
smaller impellers, maximum efficiency
occurs at slightly lower pressure and
discharge.
When you select a pump, use its own
pump curve graph. Move vertically from
the discharge you need (910 GPM) to
curve A (line D), and go back
horizontally to read the pressure (line E) .
ead the efficiency from line B.
In our example curve, we are slightly
to the right of maximum efficiency. This
is desirable. As the system ages, pressure
requirements will likely go up. As that
happens, this pump moves toward a
higher efficiency, rather than away from
it.
After you check the curves of all the
pumps you are considering, choose the
one that has the proper
pressure-discharge characteristics and
operates at the highest efficiency.

Figure 2 shows seasonal increases in
energy consumption and power costs for
a center pivot system (130 A) with
various pump efficiencies.
Irrigation pumps of similar capacity do
not vary greatly in price, so select the one
that is most efficient under your
particular situation. It will lower your
operating costs.
Keep your pump efficient
through maintenance
You have selected and installed the
most efficient pump you could find.Now
you can't ignore it. Improper adjustment,
normal wear, and pumping of abrasives
can rapidly lower its efficiency. Follow
the manufacturer's recommendations for
the pump and power unit to reduce
mechanical failures.
Having monitoring equipment on
hand o you can check the pump's
efficiency at least once a season may cost
you a couple hundred dollars, but you'll
quickly recover that cost.
D

Power requirement
Then it's time to figure the size of the
power unit, again using the pump curve.
Horsepower is found by moving
vertically from the discharge to the
horsepower curve, and horizontally to
read the power required (line F). Total
hor epower (horsepower per stage
multiplied by the· number of stages) is
the nameplate horsepower of an electric
motor or the continuous horsepower
rating of an internal combustion engine.
You want as efficient a pump as
possibl because operating costs are
directly related to efficiency. If you
flon't, you will have increased energy
~)on umption. You may al so have the
9
greater expense of a larger pump and
powe r unit, and additional electric
tandby charges.
15

John Bischoff
Water Resources In stitute

We dance today--our production and
profits are up because of irrigation-but
some of us may have to "pay the piper"
tomorrow.
When he collects-in falling yields
and decreasing soil permeability-some
of us will find that we should have paid
more attention to an insidious but
accumulating problem of water quality.
The water quality question resolves
into two basic problems, excess salts
(salinity) and excess sodium. As this
"marginal to poor" quality water is
applied to the soil, crops use the water
and leave the salts to accumulate.
At this point we simply can't be sure
how long it will take before, or if,
irrigating with marginal to poor quality
water will produce recognizable
problems or which of these marginal
waters should or shouldn't be used on
various soil types.
But, by examining different waters and
soils in different areas of the state, we are
beginning to close on the problem.
Farmers have been exceptionally
cooperative in allowing personnel to
examine their soil and water. Involved in
the research are the State Conservation
Commission, the Water Resources
Institute, and L. 0. Fine, soil scientist at
SDSU.
Over a period of years, by keeping
close watch on the farms under study, we
will be able to refine the guidelines the
Commission uses to determine the
suitability of various waters for
irrigation.
As more data are collected, we may
spot the pattern of events that lead to salt
and sodium buildup. Once we see the
pattern, we have a better chance of
halting or, at least, slowing it.
All irrigation waters contain dissolved
minerals; the amounts and kinds vary
with location. These minerals stay in the
soil when the plant uses the water. Most
are beneficial.
Salinity easier to cure
than excess sodium
Water high in total salts and/or sodium,
on the other hand, can eventually cause
problems. But before you can make any
guess on this, you also have to examine
the soil texture and structure, the
internal soil drainage, the gypsum and
lime content of the soil, and the salt and
sodium tolerances of the crop and your
irrigation management practices.
Excess salinity reduces the
availability of water to the crop. Salts
from the irrigation water accumulate in
the crop root zone, and yields are
affected.
The salts in the water increase the
osmotic potential (the amount of work it
takes to separate pure water from the
16

salts), making it more difficult for the
plant to absorb the water.
This causes a stress in the plant, which
in turn causes a los of production. This
reduction in yield is not easily isolatedt
as many other factors also may cause
limited production.
The salt problem is not nearly so
hazardous as the sodium problem, as
occasional heavy rainfalls will move salts
out of the root zone. But once sodium has
attached to the clay particle,
precipitation does not leach it from the
soil.
Excess sodium reduces
quantity of water in root zone
Excess sodium causes a permeability
problem. The irrigation water does not
enter the soil rapidly enough to
replenish the. water used by the crop.
This results in the decreased water
supply to the crop just as a salinity ·
problem does, only in a different way.
Permeability reduces the quantity of
water placed into storage, while salinity
reduces the availability of the water in
storage.
The sodium ion in abundance, and in
the presence of reduced calcium and
magnesium, causes a dispersion of the
soil. The clay particles, loaded with
many sodium ions, then tend to repel
each other. The result is loss of soil
structure and reduced pore space.
When this sodium-enriched (sodic) .
soil dries out, there is a tremendous
shrinking, causing large, hard clods and
big cracks in the soil. When it is again
wetted, the soil swells to the point of
allowing very little or no water
movement.
This high sodium layer is ordinarily in
the top few inches of the soil, but after
extended use of poor quality water,
underlying strata may become affected,
even more severely than on the surface.
Meeting the crop water demand under
these conditions is extremely difficult.
Sandy soils are not exempt from the
soidum hazard. They just do not have as
much clay and do not disperse so
completely as heavier soils.
Many waters in
"questionable" range
To attack these problems, we are
pulling soil samples at 1 to 4 feet from at
least three sites in the irrigated fields of
the cooperators, with four to six
subsamples composing each sample.
Usually a reference, non-irrigated
sample on the same soil type is also
taken. They are then analyzed for total
salinity and sodium for each depth.
Preliminary results gathered in 1977
how that the frost-free sea onal rainfal.
which the land receives, the internal
drainage, the electrical conductivity of
the irrigation water, and the
management of water application are the

~
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1976 fall into the categories shown in
Table 2.
Table 2. Water samples sent to the Water
Quality Laboratory for irrigation
analysis, 1968-1976.
Ground water
EC

<1000
1000-3000
3000-5000
·sooo-1000
>7000

Surface water

Samples % of totel Samples % of total

467
1067
328
69
67

23.4
53.4
16.4
3.5
3.4

173
151
37
33
157

31 .4
27.4
6.7
6.0

1998

100%

551

100%

28.5

The category of 1000-3000 .
micromhos/cm, or "marginal" range of
water for irrigation, shows over 53% of
the ground water samples fall in this
range. Because so many of our waters are
in the "questionable" category, we must
continue this research in assessing South
Dakota waters for irrigation.
Excess_s_
odi~m has brought the soil to this cond ition after 4 years of irrigation. ·
The soil 1s d1sp~rs~d, aggregates break down , and pore space is reduced. Drying
has caused shrinking and large cracks. When water is applied again , the
consequent swelling will allow little water to enter the root zone.

-

most critical factors in maintaining a low
vel of salt and sodium in the soil

W'ofile.

As more data are collected, we expect
to assign numerical values to these
factors.
The present guidelines that the
Commission follows in interpreting
different quality waters for irrigation are
given in Table 1. The upper salinity limit
of water for irrigation is an EC (electrical
conductivity, the ease which the water
will conduct electricity, and which is
determined by the number of salts it
carries) of 2500 micromhos/cm
regardless of soil type. The maximum
limit for SAR (sodium adsorption ratio, or

Poor water will

proportion of sodium to calcium plus
magnesium, an indicator of how readily
your soil will accumulate the sodium
ion) is 16.
If the average rainfall in an area is
greater than 12 inches during the
frost-free season, the maximum EC limit
may be raised 50 micromhos/cm for each
additional 2 inches received. As the soil
texture becomes finer, and the internal
drainage is reduced, the maximum EC is
reduced: a clay soil (with 20 to 60 inches
to less permeable material) may not have
wate r above 300 micromhos/cm and an
SAR of 8 to 11.
Waters submitted to the Water Quality
Lab for irrigation analysis from 1968 to

Table 1. Maximum allowable salinity and sodium values permissible tor waters.

SoH textures

-

SAR

40 Inches or
less to more
permeable material

40 to 72 Inches
to more permeable
material

20 to 60 Inches
to leas permeable
material

loamy sands
and sandy
loams

6 or less
6-8
8-11

2500

2200

1700
1000
400

loams, silts,
silt loams

6 or less
6-8
8-11

2300

1900

1500
500
400

sandy clay
loams, silty
clay loams,
clay loams

6 or less
6-8
8-11

1700

1500

1200
400
300

silty clays,
sandy clays ,
clays

6 or less

1400

1200

1000
400
300

6-8

8-11

reduce yields
Table 3 shows popular crops and the
expected yield reductions ofO, 10, 25, or
50% due to the effects of increasing soil
salinity (ECe). The most tolerant field
and forage crops are barley, wheat, and
tall wheat grass. The least tolerant listed
are com, flax, clovers, and orchard grass.
Walking through the table with com as
an example, suppose first that no
reductions in yield are desired. Com
begins to sh ow reductions in yield if salts
in the root zone (ECe) are above 1.7
tnillimhos/cm. If salt levels are as high as
2.5, yield reductions of up to 10% could
be expected. Reduced yields of 50%
could be expected at salt level s of 5.9.
In conversion from soil salinity (ECe)
to comparable water salinity assumes
that the salinity of the irrigation water
will concentrate three times in becoming
soil water and that the soil salinity
reported as a saturation extract is one half
the salinity of the soil water. Therefore,
the irrigation water becomes 11/z tim es
saltier after it's in the soil.
Consequently, irrigation water quality
(ECw) of 1.7 millimhos/cm could be
expected to reach 2.5 ECe in the soil
which, in tum, could be expected to.
cause 10% reduction in yield.
One thing to note, however, is that this
table assumes a 15-20% leaching fraction
and no rainfall. The leaching ratio is the
water which passes through the root
zone (in inches) divided by the water
applied (in inches). As rainfall is
increased, the salts are diluted and the
ECe is reduced. Therefore, the buildup
of salt in the soil profile from irrigation
water is totally dependent upon the
leaching fraction , ECw, and
precipitation.
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The apparatus is a Wenner array salinity probe which gives an on-site salinity
reading, here on a farm near Columbia. During the irrigation season the soil
may appear wet while the plants are wilting if salinity is a problem. Salinity
reduces the availability of the water; the plants can 't work fast enough to
take up pure water to meet their needs. Yield will be reduced.

The problem
won't go away
There are reclamation procedures
which remove the sodium in lands that
are affected by high sodium irrigation
water. This usually takes a period of
years, depending upon the ESP
(exchangeable sodiu m percentage) in
your soil, the clay content, and the depth
to the most affected layer. The two most
difficult features are providing a source
of calcium (usually gypsum) to replace
sodium and getting water to move

through the soil to accomplish effective
leaching.
Lands that are salinized are much
more eas ily reclaimed than sodic soil s,
assuming some inte rnal drainage exists.
But ch eaper than reclamation is
avoiding the need for it. This research
won't be accomplish ed overnight, b ut
given the marginal quality of so much of
our irrigation water, we must recognize
the seriousness of the problem and
eventually solve it.
D

Table 3 . Yield loss expected for certain crops due to salinity of irrigation water when
common surface irrigation methods are used.
0%

10%
ECw
ECe

Reduction In yield,%
25%
ECe
ECw

ECe'

ECw2

Barley4
Wheat',5
Soybeans
Sorghum
Corn
Flax

8.0
6.0
5 .0
4.0
1.7
1.7

5.3
4.0
3.3
2.7
1.1
1.1

10
7.4
5.5
5.1
2.5
2 .5

6.7
4.9
3.7
3.4
1.7
1.7

13
9.5
6 .2
7.2
3.8
3 .8

Tall wheatgrass
Crested wheatgrass
(Fairway)
Crested wheatgrass
(Standard)
Sudan grass
Alfalfa
Orchard grass

7.5

5.0

9 .9

6.6

7 .5

5.0

9 .0

6.0

3 .5
2 .8
2.0
1.5

2.3
1.9
1.3
1.0

6 .0
5 .1
3 .4
3.1

4.0
3.4
2.2
2.1

50%

Maxlmu m
ECe 3

ECe

ECw

8.7
6.4
4.2
4.8
2 .5
2.5

18
13
7.5
11
5.9
5 .9

12
8.7
5.0
7.2
3 .9
3.9

28
20
10
18
10
10

13.3

9.0

19.4

13

31.5

11

7.4

15

6.5
5 .7
3.6
3.7

16
14.4
8.8
9 .6

9 .8
8 .6
5 .4
5 .5

9.8
11
9.6
5.9
6.4

22
28.5
26
15.5
17.5

' ECe= electrical conductivity of the saturation ext ract of the soil, millimhos/cm at 25 C (1000 millimhos = 1 microm hos).
conductivity of the irrigation water in mlllimhos/cm at 25 C. This assumes a 15-20% leaching fract!on and an
average salinity of soil water taken up by the crop about three times that of the irrigation water applied and about twice that of
the soil saturatio n extract.
' Maximum ECe means the maximum EC of the soil saturation extract that can develop due to the listed crop withdrawing soil
water to meet its evapotranspiration demand. At this salinity, crop growth ceases due to the osmotic effect and reduction in
crop water availability to zero.
• Barley and wheat are less tolerant during germination and seedling stage. ECe should not exceed 4 or 5 millimhos/cm.
5 Tolerance data may not apply to new semi-dwarf varieties of wheat.
Data as reported by Maas and Hoffman (in press), Bernstein (1964), and University of California Committee of Consultants
(1974).
2ECw = electrical
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Darrell DeBoer and Darrel Pahl
Agricultural Enginee ring D eparbn ent

Agricultural production requires 3% of
th e total e ne rgy used in the U.S.
Approximate ly 13% of that e nergy was
used for irrigation in 1974.
Since energy consumption and
conse rvation is of national interest,
agriculture and other segments of the
national economy have b een summoned
to review the utilization and related
productivity of e nergy consumption.
Three things influence the amount of
energy required to move water from a
water supply to storage in the soil profile
for crop u se (Figure 1). These fac tors are
volume, pressure and efficiency.
&\ Total volume of water is determined
~
y the number of irrigated acres and the
total depth of water applied to the land.
The size of the power unit is determined
by the volume of water and pumping
time. A properly sized pump and a
100-hp unit can pump a volume of water
twice as fast as a 50-hp unit. Both units
still require the same total kwh (kil owatt
hours) of e le ctricity, but the 100-hp unit
wou ld use the energy twice as fas t as the
50-hp unit.

Pumping pressure is determined by
three things: The vertical distance
between the pump an d the irrigation
syste m, the water friction loss in the
delivery pipe, and water pressure fo r the
proper operation of the irrigation system.
The greater the irrigation system
pressure, the greater the pumping
pressure has to be.
Pump and power unit efficiency
represents the ability of the pumping
plant to convert energy (diesel,
electrical , or from some other source) to
wate r energy for irrigation use .
Diesel and electric
sources compared
:Results of the 1976 irrigation
questionnaire from the SD Department
of Natural Resource D evelopment
indicate that e lectricity and diesel fuel
are the two primary types of energy used
to power irrigation pumping p lants.
Table 1 summarizes the results of the
survey.
Energy cos t and availability are two
factors that influence the selection of an
energy source. Assuming that two
energy sources, die sel fue l and

e lectricity, are avail able for irrigation,
th en you must examine their relative
costs. We compared diesel and e lectric
energy sources, first making a set of
assumptions to determine yearl y
operational costs and pumping hours :
1. 100 horsepowe r power
requirement.
2. 0.9 kilowatt (kw) = 1.0 horsepower
(hp).
. 3. 18.0 horsepower hours per gallon
(hp hr/gal) of diesel fuel.
·
4. Diesel maintenance costs = 25% of
fuel costs.
5. Electric maintenance costs = $0.75
per horsepower every year.
The maintenance costs cover all grease,
oil , labor, e tc., for maintenance of the
powe r unit.
Table 1. Types of energy used for
irrigation in South Dakota during 1976.
Energy type

Percent of Irrigated acre•

24.99
55.15
11 .09
3 .14
0.86
4 .46
0.31

Diesel
Electricity
Propane
Gasoline
Natural gas pipeline
Gravity
Flowing well pressure

System
water
volume

System
water
pressure

7

'I
Pipe
friction
loss
Pumping
plant
efficiency

•

.,,.

Vertical
distance

l

Water supp ly
Figure 1. Factors that determine energy requirements for irrigation .
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Table 3. Horsepower charge for a
100-horsepower electric powered
irrigation pumping plant.
Annual char

Unit charge

$0.00/h p
5.00
10.00
15.00

$

i"~

00

500
1000
1500

·•

Table 4. Energy costs of a
100-horsepower electric powered
irrigation pumping plant with a
$0.00/horsepower charge.
Electric
cosl/kwh

$0.02
0.03
0.04
0.05

Electric powered irrigation pumps are·
used on over twice as many acres as diesels.
Each electrical power supplier has its
own peculiar characteristics you must know.

Values in Table 2 do not reflect the
initial cost of the diesel unit or
ownership (fixed) cost, only those costs
involving operation of the unit. If you
pumped for 750 hours on a 130-acre field
and purchased $0.50 diesel fuel, your
pumping cost would be $2604/130 A, or
$20.03/A.
Table 2. Operational costs of a
100-horsepower diesel powered
irrigation pumping plant.
Fuel
coal/gal

$0.40
0.50
0.60
0.70

500

$1389
1736

2083
2430

Hours of operation per year
750
1000
1250

$2083
2604
3125
3646

$2778
34 72
4166
4861

$3472
4340
5208
6076

Each electric power supplier has
unique irrigation rate schedules,
however there are common approaches.
Several suppliers have what is called a
horsepower charge, which means an
irrigator is charged a fee for each
connected horsepower. This
horsepower charge may or may not
purchase some electric energy.
Then there is an energy charge based
on the number of metered kilowatt hours
(kwh). It is possible to h.ave a leve l or
constant charge for each kwh or a
variable charge.
For comparison purposes, it was
assumed that an e lectric power supplier
charged a horsepower fee, which
purchased no energy, and a constant rate
for each kwh.
Tables 3 and 4 present the annual
horsepower charges for various unit
horsepower charges and the total energy
costs for various electric costs and hours
of pumping. The sum of the two
appropriate numbers from Tables 3 and 4
gives the annual operational costs for an
20

500

$ 975
1425
1875 .
2325

Hours of operation
1000
750

$1425
2100
2775
3450

$1875
2775
3675
4575

1250

$2325
3450
4575
5700

operating costs as the e lectricity. If
diesel fuel was $0.45, diesel operating
costs would be less than electricity.
electric powered irrigation pumping
plant. For example, 750 hours of
pumping with a $5.00/hp horsepower
charge and $0.03 electricity gives a total
cost of ($500 + $2100) $2600 for the year
or about the same total cost used in the
previous diesel example. No costs of
ownership are included in the values .
Another way to compare electric and
diesel energy costs is to determine the
equivalent cost of one energy source
where the cost of a second source is
given. The sum of the values in Tables 5
and 6 gives the diesel fuel cost per gallon
where the cost of operation of diesel and
electric ·power units are equal. For
example, if an irrigator pumps water for
1000 hours in a season and has a $5.00
horsepower charge and $0.03 electricity,
then ($0.40 + $0.07) $0.47 diesel fuel
would produce the same annual

Other power sources
South Dakota is blessed with two
forms of energy (wind and solar) which
have the potential to be used as sources
of irrigation energy. A few experimental
prototype solar powered irrigation
power units are being studied in the U.S.
The economics of the situation is not
favorable at this time.
Solar generated electricity is
•
approximately $15.00 per peak watt,
while new coal fired generating plants
produce electricity at about $0. 75 per
peak watt. The availability of solar
generated electricity also depends ·o n
the level of solar radiation which varies
during a 24-hour period. Coal or water
generated electricity is available during
all periods of the day.

Diesel fuel is the second most popular .,
energy source in South Dakota. To fir.
best source for you , compare relati
fixed and operating costs and availability.

Table 5. Equivalent diesel fuel costs for
specified electricity costs and $0.00
horsepower charge.
~ e c t rlc
cost/kwh

Diesel fuel cost/gal

-:-$0-:--.0:-2: ----------_=.;.=:.:$.::.0:.:
.2..:7==

om

o~

0.04

0.53

~~

~~

Table 6. Extra equivalent diesel fuel
costs for specified horsepower charges
and hours of operation .
Horsepower
charge
dollars/
horsepower 500

Hours of operation
750
1000

$0.00
5.00
10.00
15.00

$0.00
0.10
0.20
0.29

$0.00
0.16
0.20
0.44

$0.00
0.07
0.1 4
0.21

1250

$0.00
0.06
0.11
0.17

The ational Aeronautics and Space
Administration is investigating the
feasibi lity of using wind energy to
generate electricity. A pote ntial
experimental site is located near Huron.
Since wind velocities are not uniform
throughout the growing season, wind
energy will probably be used in
conjunction with anothe r energy source,
such as e lectricity, to satisfy peak energy
demands for irrigation pumping.
No one knows the relative economic
fuasib ility of various energy sources in
e future. One thing we can count on is
at e n e rgy costs will increase. That
means energy management will be a
critical factor in the success or failure of
irrigated agriculture.

Ownership (fixed) costs
The annual cost of ownership of a
pumping p lant is probably more
important to an irrigator than the
purchase price , because most equipment
is paid for over several years. This makes
the cost flow a concern.
Capital recovery fac tors are used to
determine annual costs. T able 7 gives
values which can be used for planning
purposes.

For example, an e lectric motor may
cost $4000 and have a useful life of 20
years; however, the motor must be
purchased during a 10-year period at 8%
inte rest. The average annual cost of
ownership during the life of the motor
wou ld be 0.102 (20 yrs @ 8%, T able 7)
times $4000 or $408/year. The yearly
payment to the lending agency would be
0 .149 times $4000 or $596/yr. If the
repayment period and the life of the
machine are the same, then the annual
payment and cost of ownership values
w ill also be equal.
The application of this concept to
power units for irrigation pumping
plants is very simple. The value which
repres e nts the difference in purchase
price can be used with the values in
Table 7 to obtain the an nual fixed cost
difference for the power units . The
difference in operating or energy costs
must be added to the fixed cost
difference to obtain th e total cost
difference for the two power units.
Irrigation energy represents a
significant part of production costs.
Irrigated corn cost data for an expected
situation in South Dakota are presented
in Table 8.
Table 8. Estimated production costs for
irrigated corn grain .
Cost/acre

Field c_osts (includ ing land)
Irrigation system
Power or energy

$150
45
20
Total

$215

Energy costs are going up
The energy c harge is about 10% of the
total d ollar figure cost of production. If
energy charges double and all other costs
remain the same, then the energy charge
would be about 17% of the total cost.
There are areas in the U.S. where e nergy
costs are approaching $SO/acre.
How efficiently we and our nation use
energy this season and in the future will
have a big part to play in our irrigation
profitability.
D

Table 7. Capital recovery factors.
Time
period,
year

5
10
15
20

•

6

0.237
0.136
0.103
0.087

Compound Interest rate
10
8

0.250
0.149
0.117
0.102

0.264
0.163
0.132
0.118

12

0.277
0.177
0.147
0.134

Capital recovery factors can be used
for planning and evaluation purposes in
wo ways. The first consideration may be
1e annual payment that must be made to
a lending agency and the second may be
the average cost of ownership for the life
of the equipment.
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Darrel (Red) Pahl
Extension irrigation specialist

Corn growers who irrigated were dealt
the right cards last year. Yields of 200
bushels and over were recorded at

several locations in the state, the first
time record yields of this magnitude
were reached in South Dakota.
The trump card was the weather most
agronomist agree. High temperatures
early in the season, moderate
temperatures in July and August, and a
late fall added heat uni ts and decreased
stresses during pollination periods.
When the next card-above normal
rainfall during the late summer and
fall-faced up, producer already had a
hand they were willing to gamble on.
The extra moisture on top of irrigated
water came at the right time, when water
demands by a corn crop are high.
But what made the hand a sure winner
for top producers in 1977 was the
combination of all cards. The other keys
to top corn yields were there for them:
weed control, plant populations, the corn
arieties, soils and tillage, fertility,
insect control, irrigation scheduling, and
proper harve ting.
Most operators con iderthese items to
have different priorities, but they all
must be maximized if top yields are to be
produced. Ignoring any one card can lose
you the game, and each producer played
22

the hand a little differently than his
neighbor last year.
Take plant populations, for example.
Increased corn populations , which ·may
boost yield for one operator, can actually
decrease yields in a different set of
circumstances for another producer.
Hank Zeman, an irrigator north of Fort
Thompson, produced over 243 bushels
of corn per acre in 1977. These yields
were recorded by harvesting at least 2
acres with a combine, then weighing in
town and adjusting to 15112% moisture or
No. 2 corn.
His com variety plot included
variations in plant populations as well as
many different numbers from different
commercial corn companies. Two
population comparison were made with
com from five different companies.
Plant breeders agree that certain
varieties of corn will respond better to
high population than others. For Hank
nearly all numbers increased yields as
populations increased (Table 1).
Some of the yield differences are not
great enough to be statistically different,
but at least they all stayed equal or
howed a light increase up to 30,000
plants per acre.
Duane Olson, an irrigator at Mecklingi.
has been cooperating with the Extension
Service by conducting a demonstration
farm. His trials compare 25,500 plants to

Table ~. Corn yields at different
populations for Hank Zeman, Fort .
Thompson.

N-King PX46
DeKalb XL25
Pioneer 3780
Funks G4444
N-King PX74

Harvest
population,
plants/A

Moisture
percentage

Yield No. 2
corn,
bu/A

27,400
30,600
27,400
30,600
27,400
30,600
27,400
30,600
27,400
30,600

22.8
22.3
22.8
21 .8
20.7
21 .5
22.3
22.4
27.2
26.9

159.4
168.5
151 .6
171 :9
197.3
203.9
187.1
182.1
223.4
227.0

27,500 plants per acre. Duane's records
show no difference or a decrease in
yields for the increase of2,000 plants per
acre.
This should indicate to most growers
that plant population is not the only key.
Other top yields we re recorded at Vale
where the 200-bushel mark was
exceed e d by at least six different
numbers (Table 2). John Luden at Davis,
a long time irrigator, produced over 210
bushe ls per acre from a Sokota numbe r
which was produced on a seed field
operated by him in 1976.
These yields should be considered as
extreme goals for most overators. They

Duane Olson, Meckling, sometimes finds his plant population card doesn't take
the trick. Adding population may even decrease yield; total management is the key.

Table 2. Varieties over 200 bushels at
Vale.
No. 2 corn, bu/A

Trojan TX94
Trojan TX85
Northrup King 443
Northrup King 448

228.04
225.00
212.00
211 .00

Table 3. Population trials at the Ag
Engineering Farm south of Brookings.
Two corn numbers showed consistent
increases in yields as populations
increased.
Varle~

Pioneer 3780

Pioneer 3965

Population
Plantinll Harvest

Test Wt.

Yields,
bu/A

20,000
24,000
28,000
32,000

19,600
23,230
25,890
30,250

54
55
55
54

150
179
177
198

20,000
24,000
28,000
32,000

18,800
23,720
25,410
28,070

58
58
58
57

123
139
149
158

do show, however, that it produce rs play
skillfully w ith the cards they're dealt,
150-bushel corn is a realistic goal for a
D
large pe rcentage of South Dakota.

ank Zeman, Fort Thompson, had a bin buster in 1977. His fields show that
certain varieties respond better to high populations than others do.
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Deciding on new water system is no simple
matter. Which is cheapest-and safest?
Many rural families in South Dakota
are faced with the question of whether to
j oin a rural water system, to haul water,
or to maintain private systems such as
wells, dams, and d ugouts. How do you
decide what is the best ch oice for your
farm and lifestyle?
" E very family has to m ake that
decision for its particular situation," says
Ardelle Lundeen, SDSU economist wh o
has comple ted a study of costs of
alternative water systems in th e state.
Sh e says her study strongly points
out that no one average family exists in
South Dakota and that costs for the same
type of water source vary extensively
from area to area and farm to farm. She
recommends that users collect cost
estimates for their special operations.
Then how can a rural water user
rationally decide what to do?
Basically, the final answer comes after
weighing two important categoriescost of water supplied from each
available source and intangible values
p laced on convenience and good quality
24

water offered by a water source.
Let's look at costs. Lundeen suggests
collecting two columns of figures: (1)
costs of continuing with your current
system, and (2) costs of adding the new
system.
Start with present system
First, collect figures for continuing
with your p resent system. Lundeen says
that only the costs which could be
avoided by switching to another system
should be considered.
"For example, the user who has a
dugout has already paid for the dugout
and can realize no salvage value for it,"
she says. "Relevant costs for this user are
maintenance and miscellaneous costs as
well as the amount necessary to set aside
each year to replace the present dugout
at the end of its expected life. Similar!~
for the user who has a private well, cos~·
for that well should not be considered
but costs of replacing that well at the end
of its useful life are important."

)

-

Costs you do need to know are (1)
operating and maintenance costs of your
present systerr:i, (2) costs of resources
sed by your present system but not by
e alternative system such as land and
ser' s time, (3) future replacement costs
of the system you already have, and (4)
other miscellaneous costs.
Some of these miscellaneous costs
may include those caused by poor
quality water such as shorter life for
water-using equipment, increased
health costs, and livestock losses. Also
include costs for livestock losses from
mud or drowning in stock dams. Some of
these items are difficult to assess in
dollars, but you can do it by using good
judgment from your past experiences.
The sum of all these cost may be
looked at over a period of years and then
discounted to the present time or you
may figure recurring costs on a yearly
basis, amortize capital costs, and add the
two types of costs. Either way you can
then compare them to the cost of the new
system which you would, of course, have
to compute in the same manner.

Consider costs of new system
What are some of the costs to consider
when studying the various alternatives
available? Lundeen offers a few to think
about.
She includes average figures only to
give a reference point for the state and
e-emphasizes the need to find specific
gures for your situation.
Dams and dugouts. About 150,000
dugouts and stock dams are used in
South Dakota by rural users with about
2,500 new ponds constructed each year.
Estimated average construction costs for
East River dugouts are $1,250 each and
for West River dugouts, $2,000 each.
Average construction costs for a dam are
estimated at $2,500 in eastern and $3,250
in western South Dakota.
To calculate the cost of water from
these sources, cost of capital,
maintenance, and miscellaneous
expense must be added to the
constructon costs. Current construction
costs are applicable if you are
considering construction of a pond,
while replacement costs would be
relevant to the person who already has a
pond. In some cases, subsidies are
available to the individual farmer for half
of the construction cost for livestock
ponds.
Well costs. These costs are especially
difficult to estimate unless you take your
particular si~uation to a well driller and
get an estimate. Depths of wells vary
from 30 to more than 1,000 feet across the
state.
A questionnaire sent to South Dakota
well drillers revealed that the average
~'pst for drilling and casing a 4-inch
~
iametertubularwell is $IO per foot. But
the cost per foot will increase
substantially if the well is drilled in

hardrock. Cost per foot will decrease for
smaller diameter, artesian wells. The
expected life of a well was estimated by
these drillers as 20-30 years.
Costs of related equipment (including
pump, pressure tank, fittings, and filter
system) will vary with depth of well,
quality of water, and quality of
equipment desired. Medium quality
equipment (not including distribution
system) could be obtained for $900.
Operating costs consist mainly of
electricity to run the pump, which
averages an estimated $30 per year.
Maintenance costs vary widely ·
because quality of water differs greatly,
Lundeen says. The well requires little
maintenance. But the pump and related
equipment may require a good deal of
maintenance if a high concentration of
certain minerals is found in the water.
Studies have revealed an annual
maintenance cost of $154 to $361 per
user for treatment and delivery systems.
An analysis was made to determine
annual costs of securing water from a
well if it were installed today. Annual
costs for a 100-foot well with an expected
life of 25 years and related equipment,
maintenance, and operating totalled
$359.
A second analysis was made to
determine how much a present owner of
a working well could afford to pay for
water from an alternative source.
Operating, maintenance, and
'replacement costs were included.in the
analysis. The owner who must replace
his present well in IO years could afford
to pay $402 per year for water from
another source. If replacement occurs in
20 years, he could pay $310 per year, or if
replacement is not needed for 25 years,
$291 per year.

Water hauling and cistern costs.
Aproximately 75,000 persons in South
Dakota haul at least part of their water
supply each year because they have poor
quality water or not enough where and
when they need it.
In computing costs for hauling water
privately, a user should include the cost
of the tank and that portion of the truck
used for hauling, maintenance of
equipment, operating expenses, and
operator labor. Many private haulers
combine water hauling with trips to town
to conduct other business, which might
lower that cost.
Commercial water haulers normally
assess a per load charge for water
delivered to the residence of the user.
Range for this cost is $6.76-$10.U per
1000 gallons.
If you depend on hauled water for your
needs, you must also provide a place for
storage of water.
Many use cisterns to store household
water. Including construction, auxiliary
equipment costs, maintenance and
operating costs, annual costs for a cistern
approximate· $134.

Hauling water means using less water,
usually.
Water especially for household use
may be reduced through conservation of
water or by not purchasing and using
water-using equipment. Questioning of
persons who haul water revealed that
their house use was less than the normal
per capita consumption of 60 gallons per
day.
Farmers or ranchers may adjust their
farming practices to conform to their
water supply. For example, in a Fall
River County analysis water haulers kept
an average of 69 cattle versus 137 for the
overall county average, and no sheep
were kept by water haulers as compared
with the 321 average for the county.
Rural water systems. Some 30 rural
water system are in or near operation in
the state, serving more than 63,000
people. Such systems are being
discussed in many other parts of the
state, because they supply constant and
good quality water.
If a farmer joins a rural water system,
his costs will remain relatively stable
from year to year if he uses the same
quantity of water. He must find out
joining costs and water rates for the
available system, since costs vary across
the state.
Average monthly us·e r charges for the
newer systems are estimated at $25-$30
per month for household use only. As
more water is used for livestock and
other purposes, the cost increases.
Figure intangible values
Once you have figures that give
approximate costs of continuing your
present system as well as the costs of
alternative systems, you will be in a
better position to make your decision on
the basis of cost. Possibly the figures will
point to a combination of two or more
sources, Lundeen points out.
But in an individual's final decision,
the intangible values placed on safety
and dependability of water supply
choice also must count. Once
dependable water is available,
frequently more water is used for various
purposes. Then, too, savings realized
from having safe water often are not
readily visible, Lundeen notes.
In the end, only one person can decide
what water source(s) are best for your
operation. That person is you.
D
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The Agricultural Experiment Station and
the Cooperative Extension Service distribute
a large variety of publications to South
Dakota citizens. Your county Extension office
will have copies for you. These publications
list the subjects between December 1,
1977, and March 1978.

FS 247 When You Sew (rev)
FS 422 lnterseeding and Modified
Renovation (rev.)
FS 423 Quality Look in Clothing
Construction (rev)
FS 451 Poultry Pest Control (rev)
FS 419 1978 Vegetable Varieties for South
Dakota (rev)
FS 519 Stain Removal (rev)
FS 522 Growing Degree Days (rev)
FS 524 Field Crop Varieties Recommended
in South Dakota for 1978 (rev)
FS 525A Chemical Weed Control in Small
Grains and Forages 1978
FS 525B Chemical Weed Control in
Soybeans 1978
FS 525C Chemical Weed Control in Corn
1978
FS 5250 Chemical Weed Control in Sorghum
1978
FS 528 Alfalfa Management on Dryland (rev)
FS 547 Cool-Season Grasses for July and
August (rev)
FS 549 Grasses for Special Purposes (rev)
FS 633 Taking Soil Samples (rev)
FS 671 Egg Production Costs and Returns
FS 676 Adjustment and Operation of Sweep
Machines
FS 677 Fertilizing Wheat
FS 678 Fertilizing Oats
FS 679 Fertilizing Barley
FS 680 Fertilizing Flax
FS 683 Frostbite

FS 687 Water Authorities in Seven States
FS 688 Some Domestic Water Developments
in South Dakota
FS 690 Rural Community Water Systems :
Update 1978
EMC678 1977 Field Crop Herbicide Test
Results & Herbicide Information
EMC 711 Buying and Using Wood for the
Fireplace and Stove
EMC 719 Gross Taxable Sales of South
Dakota's Hospitality-Recreation-Tourism
Industry
EMC 767 Developing a Business Center for
Home Management and Farm Business
Planning
EMC 768 Stop Destroying Tree Plantings with
Livestock Grazing
EMC 780 Market Prices for Net Profit, Eastern
Southeast South Dakota
EMC 782 Market Prices for Net Profit,
Northeastern South Dakota
EMC 783 Market Prices for Net Profit, Eastern
North Central South Dakota
EMC 784 Market Prices for Net Profit, Central
and North Central South Dakota
EMC 785 Market Prices for Net Profit, South
Central South Dakota
EC 709 Alternative Pasture and Forage
Systems (rev)
EC 720 The South Dakota HAT Industry: Estimates of Gross Sales and Employme ~
1976
C 220 Budgets for Major Livestock
Enterprises in South Dakota
C 221 Corn Performance Trials
C 222 Grain Sorghum Performance Trials
C 224 Why South Dakota Branchlines Face
Abandonment
B 654 South Dakota Grain Marketing System
B 655 Industrial Development Financing in
South Dakota
B 658 Gasohol, Economic Feasibility in
South Dakota
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in the last 3 years. It took 20 years to permit the first
half million acres.

Contents
Director's comments.............................................

2

One year it may be burned out fields and idle
combines. The next it's water standing in the rows.
Water is an uncertain resource, and the Experiment
Station is committed to research in irrigation, water
quality, and water conservation in all areas.

Deep plowing.........................................................

3

6

About half of the total 1 million acres okayed for
irrigation in South Dakota were given the go-ahead

Most of the water we 'd like to irrigate with is
marginal or worse for quality. Excess sodium
reduces the quantity of water in the root zone;
excess salinity (total salts) reduces the availability of
the water in storage.

Energy alternatives............................................... 19
8

No fish eggs, fish larvae, or any parts of fish were
found in irrigation water from the reservoir, even
though the best pump locations are often best
spawning beds.

Irrigation permits...................................................

An all-purpose, universal pump can't be bought, and
what works for your neighbor may be wrong for you.
Choose one that will be an integral part of your
entire irrigation plan. It must fit four requirements.

Water quality ......................................................... 16

For water savings, drip irrigation may be the way to
go on specialty crops-onions, carrots, potatoes.
Soil on these 7-year plots was shallow, sandy, and
the crops were shallow rooted . Frequent small
waterings were the answer.

Pumps and fish......................................................

Poor quality water often goes unnoticed. An animal
may drink less, and consequently will usually eat
less. This depresses gain, and your income is down.

The irrigation pump .............................................. 13

A moldboard plow broke through the claypan to 30
inches 8 years ago. The added yields from the very
first crop paid for the tillage, and all yield increases
since then have been "gravy."

Drip vegetables ........ ,.............................................

Water for livestock ................................................ 11

For an average corn-grain situation in South
Dakota, -irrigation energy costs are around $20/acre.
Several energy sources are available, compare for
fixed and operational costs before you commit
yourself.

Water choices ........................................................ 24
9

Will you hook up to rural water, haul water, or keep
your own private system? You have to balance costs
of each and estimate the values of convenience and
of different quality waters.

